Since the first detection of water vapor in Titan's stratosphere by disk-average observations from 27 the Infrared Space Observatory (Coustenis et al. 1998 ) we report here the successful detection of 28 stratospheric water vapor using the Cassini Composite Infrared Spectrometer (CIRS, Flasar et al. . From the analysis of nadir spectra we have derived a 32 mixing ratio of (0.14 ± 0.05) ppb at an altitude of 97 km, which corresponds to an integrated 33 (from 0 to 600 km) surface normalized column abundance of (3.7 ± 1.3) x 1 014molecules/cm2. In 34 the latitude range 80 0 S to 30 0 N we see no evidence for latitudinal variations in these abundances 35 within the error bars. Using limb observations, we obtained mixing ratios of(0.13 ± 0.04) ppb at 36 an altitude of 115 km and (0.45 ± 0.15) ppb at an altitude of230 km, confirming that the water 37 abundance has a positive vertical gradient as predicted by photochemical models (e.g. Lara ct al. Titan, Saturn's largest satellite that hosts a dense nitrogen-dominated atmosphere, water is a trace 50 species in the stratosphere. However, water plays a significant role since it is one of the sources 51 of oxygen for the observed active photochemistry on Titan (e.g. Lara the complex molecules found in its atmosphere. 94 In this paper, we analyze the spectra acquired by CIRS in the far infrared spectral region in order 95 to retrieve the water vapor velticals or spatial distribution in Titan's atmosphere. CIRS has been 96 acquiring spectra of Titan since the beginning of the Cassini prime mission (July 2004). After (similar to aJ test) and the other that considers the deviation of the retrieved parameters from a 178 set of a priori quantities. 179 We include in the model the CIA of the atmospheric molecules N2, CH 4 and H 2 , which 180 contribute to the opacity affecting the level of the spectrum continuum; they were calculated 181 according to Borysow comparison between model prediction and the far-infrared continuum data. 186 We have modeled the haze emission/absorption using the extinction cross sections of the hazes 187 included in de Kok et al. (2007b) . Since scattering is negligible at these wavelengths for particles 188 smaller than few microns, we have omitted it from our computations. 189 We have adopted the atmospheric vertical temperature-pressure profiles retrieved from CIRS For water retrievals obtained using a constant water profile we show the retrieved mixing ratio 254 values at the altitude where the water functional derivative peaks for the assumed profile (Table   255 I). We associate to this altitude an error equal to the FWHM of the contribution function for the 256 corresponding water profile. We also retrieve a scaling factor to the water profile associated with 257 each of the photochemical model considered in this work (Table I) . 
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We also fit the water lines for the three other water vertical distribution profiles (Horst et al. 
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The scaling factors to the model water profiles obtained from the two types of limb retrievals are 306 shown in Table I In this work we modeled CIRS data with a constant-with-height water vapor profile and assigned 312 the retrieved mixing ratio to the altitude where the contribution function peaks.
313
By combined on-disk and limb observations we are able to constrain the veliical profile of water 314 in the region of the stratosphere -from 12 mbar to 10-3 mbaI', corresponding to altitudes between 315 93 and 280 km (considering the widths of the contribution functions).
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In Figure 4 
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The measurement of the stratospheric veliical profile of water adds useful constraints to the 320 photochemical models of Titan's atmosphere. The increase of the water mixing ratio with 321 altitude is in agreement with an external source of oxygen and lower altitude a sink due to photolysis and condensation. The abundance instead seems to be less (from -0.1 to -0.6) than 323 predicted from the models considered in this work (see Table I ). We also observe that since the 324 scaling factors to the photochemical models a), b) and c) in Table 1 are more or less different for 325 the two limb altitudes, it implies that these models might have a slope for H 2 0 not quite profile is used. In contrast, using this H 2 0 profile, the contribution functions for the CIRS nadir selection cover the range 95-145 km (at half maximum). 346 In previous photochemical models, as in Lara et a!. (1996) , in order to include external sources 347 of CO, it was postulated that CO could be produced through a chemical reaction between OH 348 (available from H 2 0 influx into the upper atmosphere) and CH).1t was found instead by Wong et 349 a!. (2002) that this reaction produces H 2 0 and not CO as previously assumed. 350 Hence an influx of H 2 0 or OH does not produce any significant abundance of CO and therefore 351 CO 2 can be produced by an l'hO influx only with CO already present (OH + CO -> C02 + H). 352 For this reason these models were unable to reproduce the observed CO abundance and were 353 substituted by other models that suggest the existence of primordial CO in the atmosphere 354 (Wilson and Atreya 2004) or consider for CO a solely external origin but this requires an influx 355 of 0+ rather than H20 or OH. 356 In the pre-Cassini model of Wilson and Atreya (2004) water is photolyzed to OH, which 357 combines with CO to form C02 and other complex species. In this model, CO is assumed to be Table 1 . Retrieval of water abundance from on-disk observations (0'_ 30') N and from limb 518 observations targeted at two altitudes assuming a constant water mixing ratio over the 519 condensation region (second row). The altitude associated with the retrieval and its error is given 520 by respectively the peak and the FWHM of the contribution function relative to the assumed 521 water profile. In the subsequent rows are shown the retrieved scaling factor to water profiles
